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Abstract: Parents’ ability to regulate their emotions is essential to providing supportive caregiving
behaviours when their child is in pain. Extant research focuses on parent self-reported experience
or observable behavioural responses. Physiological responding, such as heart rate (HR) and
heart rate variability (HRV), is critical to the experience and regulation of emotions and provides
a complementary perspective on parent experience; yet, it is scarcely assessed. This pilot study
examined parent (n = 25) cardiac response (HR, HRV) at rest (neutral film clip), immediately before the
cold pressor task (pre-CPT), and following the CPT (post-CPT). Further, variables that may influence
changes in HR and HRV in the context of pediatric pain were investigated, including (1) initial HRV,
and (2) parent perception of their child’s typical response to needle procedures. Time-domain (root
mean square of successive differences; RMSSD) and frequency-domain (high-frequency heart rate
variability; HF-HRV) parameters of HRV were computed. HR and HF-HRV varied as a function
of time block. Typical negative responses to needle pain related to higher parental HR and lower
HRV at rest. Parents with higher HRV at baseline experienced the greatest decreases in HRV after the
CPT. Consequently, considering previous experience with pain and resting HRV levels are relevant to
understanding parent physiological responses before and after child pain.
Keywords: pediatric pain; physiological responding; heart rate; heart rate variability;
parent–child interactions

1. Introduction
Pain is defined as a subjective “unpleasant sensory and emotional experience associated with
actual or potential tissue damage, or described in terms of such damage” [1] (p. 210). Children
frequently experience pain as a result of routine medical care, including immunizations and
venipunctures [2]. These are commonly feared medical procedures, with 63% of young children
and adolescents reporting a fear of needles, and 7% of parents and 8% of children reporting needle
fear as a main reason for immunization non-compliance [3]. Unmanaged pain and fear associated
with needles can result in other potential consequences, such as greater pain in subsequent procedures,
higher risk of experiencing fainting and seizures, more fearful memories of pain, and avoidance
of preventative health care [4]. It follows that understanding the factors that affect children’s pain
experience is necessary to reduce and prevent these short- and long-term consequences.
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1.1. The Role of Parents in Children’s Pain Experience
Pain experience is influenced by various social, biological, and psychological factors [5].
As outlined in the Social Communication Model of Pain, pain is both an intrapersonal experience,
influenced by one’s own dispositions and previous experiences, and an interpersonal experience,
occurring within the broader social context [6]. The Affective-Motivational Model of Interpersonal
Pain Dynamics highlights the large role parents play in children’s pain experience by integrating
emotion and motivation factors that shape the effectiveness of caregiver behaviour (e.g., providing
comfort and support to their child in pain) [7]. The observation of pain can elicit a focus on personal
well-being (e.g., self-oriented) or towards others’ well-being (e.g., other-oriented), with effective
emotion regulation facilitating the latter. Specifically, parents must manage elements of their own
emotional response to their child’s pain, including cognitions, emotional states, and physiological
responses, in order to accurately interpret and effectively respond to their child’s needs [7].
Parents often experience subjective distress, and accompanying physiological activity, when
viewing their child in pain, and this emotional reaction can be communicated to their child [6,8,9].
However, rather than solely a response to perceived child pain, physiological activity may also
support parent behaviours and responses. Communication between parent and child occurs through
various pathways, including facial, vocal, verbal, and gestural; these verbal and nonverbal indices
are influenced by internal physiological activity and regulation [10,11]. The most common aspects
of adult–child interactions captured during medical procedures include verbal content and gestures,
whereas parents’ physiological response has largely been understudied, despite its hypothesized
role in supporting both verbal and non-verbal behaviours [10,12,13]. Heart rate (HR) and heart
rate variability (HRV; variation in time between consecutive heartbeats) are commonly examined
as physiological correlates of emotional experience and regulation [14]. Parents must effectively
manage their own distress to better respond to their child’s needs; thus, having an objective index
of emotional experience through HR and HRV can provide information about how parents are
emotionally responding throughout their child’s pain experience [12,15,16].
1.2. Heart Rate and Heart Rate Variability
Heart rate, measured in beats per minute, provides a general index of physiological arousal and
changes in HR from resting are indicative of emotional reactivity [17]. Caregivers’ HR increases when
witnessing their child’s induction of anesthesia [8] and intravenous cannulation [9]. These increases
in HR have been associated with higher ratings of children’s preoperative anxiety during anesthesia
induction [8] and distress following a venipuncture [9].
Heart rate variability at the high or respiratory frequency (also known as respiratory sinus
arrhythmia) is posited to reflect social [13] and emotional responding [14,18,19]. HRV can be examined
at two levels of analysis: resting (which has been studied more frequently) or phasic (i.e., examining
changes in HRV from baseline levels to an event and/or post-event); resting HRV is thought to
affect phasic HRV [20]. High resting HRV is generally associated with greater subjective well-being
(e.g., better mood, satisfaction with life) [21,22], whereas low resting HRV is associated with poor
social and emotional functioning [23,24]. In contrast, understanding increases or decreases in phasic
HRV requires consideration of the context [20]. Decreases in HRV tend to occur in response to physical
or cognitive stress that does not require executive function, whereas increases in HRV are adaptive in
a low-threat context requiring self-regulation [13].
To date, one investigation has incorporated parent HRV in the context of pediatric pain [25].
In a laboratory-based study, parents viewed pictures of other people’s children (who had previously
completed the pain task their own child was about to undergo) exhibiting varying levels of pain facial
expressions, ranging from no pain or neutral to high pain expression. HRV was recorded before and
after this viewing task. Findings revealed that HRV decreased from pre-viewing to post-viewing.
Notably, HRV was only examined in relation to the solo viewing task; thus, it remains unclear whether
a similar pattern of findings would emerge if parents interacted with their own child.
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1.3. Current Study
The goal of the present study was to add to the understanding of parent internal experience in the
context of their child’s pain using a cross-sectional design in a laboratory setting. Parents’ HR and HRV
were monitored during three different two-minute time blocks: (1) during a neutral film clip (resting);
(2) immediately prior to the child’s cold pressor task (pre-CPT); and (3) immediately following the
child’s completion of the cold pressor task (post-CPT). The main objectives were (1) to examine how
parent HR and HRV change from resting, to pre-CPT, and post-CPT; and (2) to investigate two factors
that could influence HR and HRV across the three phases of the study, including (1) initial HRV and
(2) anticipation of difficulty for the child based on their typical response to needle pain. Regarding
objective 1, it was hypothesized that parent HR would increase, and HRV decrease, from resting
to pre-CPT. This hypothesis was based on research evidencing that observing child pain is often
distressing, and previous findings that HR increased before and during child pain [8]. It was also
hypothesized that both HR and HRV would return to resting levels following the CPT. Regarding
objective 2, given that higher resting HRV is associated with a greater capacity for HRV reactivity [22],
it was predicted that parents with higher resting HRV would experience the greatest change from
resting to pre-CPT, although these parents would also experience a return to resting post-CPT. Lastly,
we predicted that parents who report their child responds negatively to procedural pain would
experience the procedure as more stressful, which may be indicated by at least one of the following:
higher HR and lower HRV at resting, or a greater increase in HR and decrease in HRV from resting
to pre-CPT.
2. Materials and Methods
2.1. Participants
Participants included 25 children (12 girls and 13 boys) between 7 and 12 years of age
(mean (M) = 9.44, standard deviation (SD) = 1.69) and one of their parents, recruited from the
community. The parent sample consisted mainly of White/European (92.0%) mothers (N = 24),
with a mean age of 42.56 years (range = 32 to 48 years, SD = 4.02). In order to participate, the child
had to be between 7 and 12 years of age and both child and parent had to have sufficient English
proficiency to complete study tasks. One participant who had consumed nicotine two hours prior to
the visit and was taking cardioactive medication was excluded from all analyses due to extreme HR
and HRV values (zskewness = 1.49 to 3.66). This pilot study is part of a larger project examining verbal
and non-verbal aspects of parent–child interactions. Only data related to parent physiological activity
and children’s typical response to painful procedures are reported.
2.2. Apparatus
2.2.1. Cold Pressor Task
The Cold Pressor Task (CPT) is a laboratory pain task used to induce mild to moderate levels of
pain [26]. Children were first instructed to immerse their hand in a warm water tank (36 ◦ C ± 1 ◦ C)
for two minutes to create a standardized baseline of skin temperature. Subsequently, children were
asked to place their hand and lower arm in cold water (10 ◦ C ± 1 ◦ C) and to leave it in for as long as
they could or until the maximum submersion time of four minutes was reached; participants were
unaware of the maximum length of submersion in the cold-water bath (i.e., an uninformed ceiling was
used). Water temperature was maintained using a Techne© thermoregulator (Techne Inc., Burlington,
VT, USA). This method has been deemed ethically acceptable by researchers, parents, and children
and has a rate of adverse events of less than 0.07% [27].
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2.2.2. Electrocardiogram
An electrocardiogram (ECG) obtained parent physiological data using a BIOPACTM MP150 unit
and a wireless BioNomadix ECG amplifier (Biopac Systems Canada Inc., Montreal, QC, Canada)
acquiring data at 1000 samples per second. Electrodes were placed in a standard Lead II configuration
(i.e., an electrode below each collar bone and one ground below the left rib, in an inverted triangle
configuration). AcqKnowledge 4.2 software (Biopac Systems Canada Inc., Montreal, QC, Canada)
was programmed to identify interbeat intervals (i.e., time between consecutive heart beats) within the
ECG recording. Data were then imported into Kubios HRV specialized analysis software (Standard;
version 3.0; Kubios Ltd., Kuopio, Finland). HRV guidelines [28,29] and the Kubios HRV User’s
Guide [30,31] were followed to quantify HRV. Parental cardiac activity was monitored during three
two-minute phases of the study, including: resting, pre-CPT, and post-CPT.
External factors that can influence HRV, such as caffeine and nicotine intake, and cardioactive
medication use (e.g., antidepressants, antipsychotics, benzodiazepines, anti-hypertensives) [32] were
examined. Bivariate correlations revealed that these factors were unrelated to HR and HRV in the
current sample.
2.2.3. Video
Consistent with previous research, a neutral film clip was used to acquire resting HR and HRV
data [33]. A two-minute National Geographic Time-Lapse video from YouTube was selected [34].
2.3. Procedure
Approval from the Research Ethics Board at the University of Guelph was obtained prior to
commencing the study (No. 16-12-286). A schematic overview of the study procedure is illustrated in
Figure 1. Upon arrival to the lab, parent and child were provided with a brief overview of the study
after which parent assent and child assent were obtained before they participated in the study. Parents
were fitted with the electrocardiogram equipment and completed the demographic form. As per von
Baeyer et al.’s recommendations [26], children were given a juice box to drink prior to completing the
CPT to reduce the risk of fainting. Next, child and parent sat and watched a two-minute National
Geographic Time-Lapse during the first block of the study (resting block). Parents subsequently rated
their arousal and emotional valence in response to the clips and children washed their hands for the
Children 2017,
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2.4. Measures
2.4.1. Demographics
Data regarding age, sex, language, ethnic and cultural identity were collected through a
demographic information form. Parents also rated their child’s usual response to painful needle
procedures using a numerical rating scale (0 = negative reaction; 10 = positive reaction). Questions
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The second block of the study consisted of preparation for and completion of the CPT. Parent and
child sat facing each other, at a distance between one to three feet. Participants were informed that
a knock on the window signalled the child to immerse his/her hand into the warm water tank for
two minutes. Parent cardiac activity was monitored during this two-minute interval (pre-CPT block).
A second knock on the window informed the child to immerse his/her hand into the cold-water bath.
Parent and child were told to interact as they normally would. Once the child voluntarily removed
his/her arm from the water or the four-minute maximum time limit was reached, parent and child
completed questions regarding their experience as part of the larger project, and the final phase of the
study followed. Parental physiological activity was monitored for an additional two minutes following
the CPT, while parent and child interacted normally and without instruction (post-CPT block). During
each time block, parents were asked to remain seated and minimize their movement in order to reduce
movement artefacts.
2.4. Measures
2.4.1. Demographics
Data regarding age, sex, language, ethnic and cultural identity were collected through
a demographic information form. Parents also rated their child’s usual response to painful needle
procedures using a numerical rating scale (0 = negative reaction; 10 = positive reaction). Questions
were also included to examine parental caffeine and nicotine intake, and cardioactive medication
use, as recommended by Quintana and Heathers [32] when examining cardiac activity; no explicit
instructions were given to the parents regarding caffeine or nicotine intake.
2.4.2. Self-Assessment Manikin
The Self-Assessment Manikin (SAM) [35] was used to measure valence and arousal in response
to the video presented during the resting block. The scales range from 1 (happy, stimulated) to
9 (unhappy, relaxed), and a score is provided for both dimensions.
2.5. Data Preparation
Interbeat intervals were first detrended with a smoothness-prior method (i.e., high-pass filter)
to remove the very low frequency component (<0.04 Hz). Recordings were visually inspected for
artefacts and ectopic heartbeats; no participants breached the convention of 5% threshold for ectopic
beats relative to total beats [36]. A threshold-based artefact correction algorithm using cubic spline
interpolation was used to correct visually identified artefacts [31]. One waveform required more
than 10% of segment (i.e., post-CPT block) editing, and was excluded from analyses [37]. HR and
HRV parameters were calculated for the resting, pre-CPT, and post-CPT blocks. Phasic (pre-CPT
minus resting) and recovery (post-CPT minus resting) measures were calculated. HR was quantified
as beats per minute and HRV was quantified using both time- and frequency-domain methods,
as it is recommended to pair HRV frequency analysis with time-domain indices [38]. The time-domain
measure of HRV was computed by the root mean square of successive differences (RMSSD) between
interbeat intervals, a statistic that is sensitive to high-frequency fluctuations in heart rate [39]. RMSSD
values were squared (ms2 ) and natural-log (ln) transformed. The frequency-domain measure of
HRV (HF-HRV) was computed by power spectral density analysis which was performed using the
Fast-Fourier Transform, with a high frequency (HF) band set at 0.15–0.40 Hz. HF-HRV was natural-log
(ln) transformed and reported in squared milliseconds (ms2 ).

Children 2017, 4, 100

6 of 13

3. Results
3.1. Pre-Analysis
The current study is a pilot; thus, although findings are reported in terms of traditional statistical
significance, it is more meaningful to consider effect sizes and 95% confidence intervals. Effect
sizes for correlations are evaluated based on Cohen’s conventions [40]. Means, standard deviations,
and the range of HR and HRV measures are presented in Table 1. Descriptive statistics for the change
scores of HR and HRV are reported in Table 2. Similar to past research [41], participants rated the
film clip neutral to slightly positive (M = 3.38, SD = 1.25), and relaxing (M = 7.00, SD = 1.66), ratings
appropriate for a “resting” or “baseline” time period. Resting, pre-CPT, and post-CPT measures of
HRV demonstrated strong associations (r = 0.54 to 0.86, p = 0.000 to 0.007). Further, HF-HRV and
RMSSD at each time point were strongly correlated (r = 0.86 to 0.89, p < 0.001; see supplementary
material for Tables S1 and S2 for correlations between study variables).
Table 1. Descriptive Statistics of HR, HF-HRV, and RMSSD during Resting, Pre-CPT, and Post-CPT (N = 25).
Resting

HR
HF-HRV
RMSSD

Post-CPT a

Pre-CPT

M

SD

Range

M

SD

Range

M

SD

Range

76.33
6.02
6.72

9.59
0.84
0.86

61.83–97.05
4.55–7.36
4.94–8.06

80.31
5.74
6.72

10.53
1.11
0.86

61.90–103.99
3.26–7.24
4.39–8.50

78.76
5.57
6.61

9.52
0.80
0.68

64.31–96.31
3.90–7.26
5.34–7.79

HR = heart rate (reported in beats per minute); HF-HRV = log transformed high-frequency heart rate variability
(reported in ms2 ); RMSSD = log transformed root mean square of successive differences (reported in ms2 ); M = mean;
SD = standard deviation. a n = 24 given one data segment that required more than 10% editing.

Table 2. Descriptive Statistics of the HR, HF-HRV, and RMSSD Change Scores (N = 25).
Phasic = Pre-CPT − Resting
∆HR
∆HF-HRV
∆RMSSD

Recovery a = Post-CPT − Resting

M

SD

Range

M

SD

Range

4.00
−0.28
0.00

4.48
0.85
0.67

−6.15–14.22
−2.52 to 1.02
−2.00 to 1.00

1.96
−0.41
−0.06

3.05
0.78
0.70

−2.83 to 8.07
−1.64 to 1.39
−1.62 to 1.75

Phasic = change score subtracting resting from pre-CPT; Recovery = change score subtracting resting from post-CPT.
a n = 24 given one data segment that required more than 10% editing.

3.2. Exploring Parent Cardiac Response during Resting, Pre-CPT, and Post-CPT
A one-way repeated measures ANOVA was conducted to examine differences in parent HR
between the three different blocks of the laboratory visit. There was a significant effect of block
on HR (F(2, 46) = 11.89, p < 0.001, partial η 2 = 0.34, 95% confidence of interval (CI) [0.17, 0.68];
see Figure 2). Post hoc tests using Fisher’s Least Significant Differences (LSD) revealed an
increase in HR from resting to pre-CPT (Mdifference = 4.01, standard error (SE) = 0.93, p < 0.001,
95% CI [2.08, 5.94]). HR during post-CPT decreased from HR during pre-CPT (Mdifference = −2.05,
SE = 0.88, p = 0.03, 95% CI [−3.86, −0.24]); however, it remained higher than HR during resting
(Mdifference = 1.96, SE = 0.01, p = 0.005, 95% CI [0.67, 3.24]).
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Figure 2. HR activity (beats per minute) during resting, pre-CPT and post-CPT. Bars represent standard
Figure 2. HR activity (beats per minute) during resting, pre-CPT and post-CPT. Bars represent
error. Asterisks indicate significant differences between blocks, * p < 0.05.
standard error. Asterisks indicate significant differences between blocks, * p < 0.05.

A second one-way repeated measures ANOVA was conducted to examine differences in parent
There was a significant effect of time on
HF-HRV between the three blocks of the laboratory visit. There
2
2
0.13, 95%
95% CI [0.00, 0.44]; see Figure 3). Post hoc tests
HF-HRV (F(2, 46) = 3.03, p = 0.05, partial η == 0.13,
non-significant
differences
between
HF-HRV
pre-CPT
and during
resting
using Fisher’s
Fisher’sLSD
LSDrevealed
revealed
non-significant
differences
between
HF-HRV
pre-CPT
and during
(M
=
−
0.29,
SE
=
0.18,
p
=
0.11,
95%
CI
[
−
0.66,
0.08]),
and
between
HF-HRV
from
pre-CPT
to
resting
(M
difference
=
−0.29,
SE
=
0.18,
p
=
0.11,
95%
CI
[−0.66,
0.08]),
and
between
HF-HRV
from
pre-CPT
difference
post-CPT
(M(M
0.20, 0.43]). HF-HRV during post-CPT was
to post-CPT
difference==0.12,
0.12,SE
SE==0.15,
0.15,pp==0.46,
0.46,95%
95%CI
CI[−
[−0.20,
difference
−0.41,
= 0.16,
= 0.02,
95%
[−0.74,
−0.08]).
lower than HF-HRV during resting
resting (M
(Mdifference
difference ==
−0.41,
SESE
= 0.16,
p =p0.02,
95%
CI CI
[−0.74,
−0.08]).
A one-way repeated measures ANOVA was conducted to examine differences in parent RMSSD
There was
was no significant
significant effect of time on
during the three different blocks of the laboratory visit. There
0.89, partial
partial ηη22==0.01,
0.01,95%
95%CI
CI[0.00,
[0.00,0.12];
0.12];see
seeFigure
Figure3).
3).
RMSSD (F(2, 46) = 0.12, p == 0.89,
3.3. Factors
Factors Posited
Posited to
to Affect
Affect HR
HR and
and HRV
HRV across
across the
3.3.
the Three
Three Phases
Phases of
of the
the Study
Study
3.3.1. Resting HRV and Its Association with Phasic and Recovery HRV
3.3.1. Resting HRV and Its Association with Phasic and Recovery HRV
Bivariate correlations were conducted to explore resting HF-HRV in relation to phasic HF-HRV
Bivariate correlations were conducted to explore resting HF-HRV in relation to phasic HF-HRV
and recovery HF-HRV. Resting HF-HRV was not associated with phasic HF-HRV (r = −0.14,
and recovery HF-HRV. Resting HF-HRV was not associated with phasic HF-HRV (r = −0.14, p = 0.50,
p = 0.50, 95% CI [−0.51, 0.27]), whereas it was related to recovery HF-HRV (r = −0.50, p = 0.01,
95% CI [−0.51, 0.27]), whereas it was related to recovery HF-HRV (r = −0.50, p = 0.01, 95% CI [−0.75,
95% CI [−0.75, −0.12]). Similarly, resting RMSSD was not associated with phasic RMSSD (r = −0.30,
−0.12]). Similarly, resting RMSSD was not associated with phasic RMSSD (r = −0.30, p = 0.14, 95% CI
p = 0.14, 95% CI [−0.63, 0.11]), although it was associated with RMSSD recovery (r = −0.63, p = 0.001,
[−0.63, 0.11]), although it was associated with RMSSD recovery (r = −0.63, p = 0.001, 95% CI [−0.82,
95% CI [−0.82, −0.30]). These results illustrate that parents with higher HRV at rest, experienced the
−0.30]). These results illustrate that parents with higher HRV at rest, experienced the greatest
greatest decreases in HRV after the CPT (see Table S2 for the full correlation matrix).
decreases in HRV after the CPT (see Table S2 for the full correlation matrix).
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anticipating and following their child’s CPT. The sizes of these effects in the population may range
from small to medium. Decreases in HRV are commonly interpreted as an autonomic response to
stress; thus, decreases in parent HRV while anticipating child pain seem logical. However, parent HR
remained elevated and HRV lower post-CPT compared to resting, rather than returning to baseline
levels as anticipated. Thus, either parents continued to experience stress during the post-CPT period,
or the somewhat elevated HR and decreased HRV during this final period may have reflected another
process, such as increased interactive engagement with their child post-CPT (e.g., increased attention
or executive function demands in the service of communicating) [42]. Of note, decreases in HRV do
not necessarily indicate that parents experienced negative emotions; indeed, previous research has
demonstrated decreases in HRV in response to both positive and negative stimuli [43]. Therefore,
it is possible that the observed increases in HR and decreases in HRV before and after the CPT may
reflect general arousal associated with excitement and the dyad viewing the experience as a challenge
rather than a threat. This pattern is consistent with a recent investigation [25] demonstrating similar
decreases in both HF-HRV and RMSSD from resting to post-viewing.
With respect to RMSSD-derived indices of HRV, the pattern was generally similar to that of
HF-HRV in that it decreased over time, although associations did not achieve statistical significance
in this small sample. The general similarity in pattern is unsurprising given the strong correlations
observed between phasic HF-HRV and RMSSD (r = 0.79 to 0.89) and research indicating both are
equivalent indices of HRV [39].
A second objective of this work was to investigate factors that may affect HR and HRV across the
three phases. Recent research suggests that resting HRV might influence phasic HRV [20], thus resting
HRV was examined in relation to changes in phasic and recovery HRV. This pilot study demonstrated
that resting HRV was associated with recovery HRV (i.e., while parents interacted normally with their
child), although it was not associated with phasic HRV (i.e., immediately prior to child’s pain). That is,
parents with higher HRV during the neutral video experienced the greatest decreases in HRV following
children’s pain. The size of this effect in the population may range from small to medium. Given that
high resting HRV has shown a robust association with positive emotional experience [14], this finding
further supports the notion that the observed decreases in HRV following the CPT reflect interactive
engagement between parent and child, as opposed to stress regulation. This finding highlights the
relevance of considering resting HRV in examining changes in HRV in the context of pediatric pain.
Lastly, children’s typical response to procedural pain was examined as another potential variable
that may predict parents’ HRV. Consistent with the Social Communication Model of Pain [6], parental
perceptions of their child’s typical response to painful procedures were related to parent’s HR and
HRV at resting, but not to phasic and recovery HR and HRV. Parents who reported that their child
usually responds negatively to painful procedures had higher resting HR; although a moderate effect
was observed, the wide confidence intervals for this effect indicate that these data are only sufficient
to rule out a strong positive association between these variables. These parents also presented with
lower resting HRV compared to parents who reported that their child usually responds positively
to such procedures. The size of this association in the population may range from small to large.
Although the cross-sectional, correlational design precludes definitive comments on directionality,
this suggests that parents of children with negative pain experiences may be at a heightened state
of arousal and experiencing anxiety long before their child’s actual procedure. A potential clinical
implication of this finding is that health professionals may wish to consider children’s previous
experience with needle pain as part of a screening tool to identify which parent–child dyads may
benefit from treatment strategies.
Biopsychosocial models of pain outline various biological, psychological, and social determinants
contributing to the pain experience [44]. In particular, children’s pain occurs in a broader social
context of interactions between child and parent. Intrapersonal factors, including previous pain
experiences and internal regulation, of both child and parent, are relevant to consider, although parents’
physiological experience has remained largely unknown [6,44]. Taken together, the findings from
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this pilot study contribute to existing models of pain by highlighting (1) the relevance of measuring
parent physiological experience, and (2) the importance of child historical procedural experiences in
informing parent cardiac activity at rest.
This novel study has a number of methodological strengths. This is the first investigation to
examine both HR and HRV in parents in the context of an acute pain task. As recommended [38],
HRV was examined at three different time points (i.e., baseline, event, post-event) which enabled the
examination of HRV during resting, and changes in HRV before child pain (phasic), and after child
pain (recovery), and using two parameters of HRV (i.e., HF-HRV, RMSSD). Nevertheless, an aspect
to be considered in the interpretation of these findings is the pain context in which parent HRV was
recorded. The findings from the current study may not generalize to clinical pain, such as needle-pokes,
as parent responses may differ in a clinical context. As noted, parent HR was lower than what has
been observed during clinical pain and children are given complete control of the pain stimulus during
the CPT. Thus, parent and child may not have perceived the CPT to be as painful or fear-inducing
as painful medical procedures; children’s historical responses to painful procedures were captured
using a single item focused on needles. A more detailed approach which also assesses experiences
with experimental pain would be advisable in future research.
Questions also remain as to whether a preparatory immersion in the warm water bath is
needed [26]. In the current study, HR and HRV before the CPT were reported when children had
their arm in the warm water, which may have been a positive experience for parents and children
and may not reflect pre-pain interactions that may be observed in the context of clinical pain. Future
research should examine parents’ physiological response during the cold-water bath. These data were
not included in the current study given the smaller sample of children who kept their hand in the
cold water for longer than one minute, which is the minimum time needed to acquire HRV data [29].
Incorporating parent ratings of their experience at multiple time points, and in response to both the
warm- and cold-water baths, will also help clarify the current findings. However, collecting parent
self-reports throughout the procedure may also lead to reactivity effects and increase the time required
to complete the study, which can be problematic in clinical contexts. Future investigations may also
explore whether a similar physiological profile is obtained when a preparatory immersion in the warm
water bath is not included.
Challenges also exist with acquiring a true baseline measure of parent HRV since they arrive
at the laboratory anticipating child pain. Future research would benefit from including a control
(i.e., non-pain task) group in order to clarify the extent to which these findings are specific to the
pain context. Nevertheless, the current ratings of valence and arousal following the resting block
are consistent with previous published ratings [41] and suggest that they perceived the task to be
relatively neutral. Future research should examine how parent physiological activity maps onto
their self-reported experience and relates to children’s pain outcomes (e.g., pain intensity, fear).
In particular, exploring how parent physiological responding translates into observable behavioural
responses (e.g., vocalizations, gestures) will be very important. Future research should also explore the
interactions among parent self-reported, observed, physiological responses, and child pain outcomes
using more complex statistical techniques (e.g., hierarchical multiple regression, moderation analyses,
Actor-Partner Interdependence Model). Obtaining multiple post-event recordings can be used to track
the progression of HRV following child pain and determine when caregiver HRV returns to resting
levels. Finally, findings based on small sample sizes have larger confidence intervals; thus, the actual
population means may differ from the estimates found in the current study. Additional research with
larger sample sizes is required to develop a more accurate estimate of the effect sizes corresponding to
the associations reported here.
5. Conclusions
The existing research on parents’ physiological activity in the pediatric acute pain context is
limited, despite the observed connections between cardiac activity and emotional experience and
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regulation. The current pilot study generated knowledge on parents’ HR and HRV activity throughout
their child’s completion of a laboratory pain task, and variables that predict this experience. Findings
provide preliminary evidence that a multimodal approach to capture parents’ emotional experience in
the context of acute pediatric pain would benefit from the inclusion of parent physiological activity.
Supplementary Materials: The following are available online at www.mdpi.com/2227-9067/4/11/100/s1.
Table S1. Bivariate Correlations Between Children’s Typical Response to Pain and Parent Heart Rate (HR)
(N = 25). Table S2. Bivariate Correlations Between Children’s Typical Response to Needle Pain and Parent Heart
Rate Variability (HRV) (N = 25).
Acknowledgments: Kaytlin Constantin and Rachel Moline gratefully acknowledge funding from the Ontario
Graduate Scholarship. We thank the following individuals for their assistance in this work: Megan Gauthier,
Timothy De Pass, Linda-Paola Sosa Hernandez, Lindsay Labonte, Megan McKay, and Hannah Lemon.
Author Contributions: K.C., R.L.M., C.M.M., and H.N.B. conceived and designed the experiment; K.C. and
R.L.M. collected and analyzed the data; C.M.M. contributed materials/equipment/analysis tools/software and is
the primary supervisor of K.C. and R.L.M.; K.C. wrote the first draft of the paper; R.L.M., C.M.M., and H.N.B.
edited, reviewed, and provided feedback in an iterative process.
Conflicts of Interest: The authors declare no conflicts of interest.

References
1.
2.
3.
4.

5.

6.
7.
8.

9.
10.
11.

12.
13.
14.
15.

Merskey, H.; Bogduk, N. Classification of Chronic Pain: Descriptions of Chronic Pain Syndromes and Definitions of
Pain Terms; IASP Press: Seattle, WA, USA, 1994; ISBN 0-931092-05-1.
Taddio, A. Needle procedures. In Oxford Textbook of Paediatric Pain; McGrath, P.J., Stevens, B.J., Walker, S.M.,
Zempsky, W.T., Eds.; Oxford University Press: Oxford, UK, 2013; pp. 184–193, ISBN 978-0-19-964265-6.
Taddio, A.; Ipp, M.; Thivakaran, S.; Jamal, A.; Parikh, C.; Smart, S. Survey of the prevalence of immunization
non-compliance due to needle fears in children and adults. Vaccine 2012, 30, 4807–4812. [CrossRef] [PubMed]
McMurtry, C.M.; Pillai Riddell, R.; Taddio, A.; Racine, N.; Asmundson, G.J.; Noel, M.; Chambers, C.T.;
Shah, V.; HELPinKids & Adults Team. Far from “just a poke”: Common painful needle procedures and the
development of needle fear. Clin. J. Pain 2015, 31, S3–S11. [CrossRef]
Craig, K.D. Putting the social back in the biopsychosocial model of pain. In Psychology Serving Humanity:
Proceedings of the 30th International Congress of Psychology; Cooper, S., Ratele, K., Eds.; Psychology Press:
New York, NY, USA, 2014; pp. 127–139.
Craig, K.D. The social communication model of pain. Can. Psychol. 2009, 50, 22–32. [CrossRef]
Vervoort, T.; Trost, Z. Examining affective-motivational dynamics and behavioural implications within the
interpersonal context of pain. J. Pain 2017, 18, 1174–1183. [CrossRef]
Kain, Z.N.; Caldwell-Andrews, A.A.; Mayes, L.C.; Wang, S.M.; Krivutza, D.M.; LoDolce, M.E. Parental
presence during induction of anesthesia: Physiological effects on parents. Anesthesiology 2003, 98, 58–64.
[CrossRef] [PubMed]
Smith, R.; Shah, V.; Goldman, R.; Taddio, A. Caregivers’ responses to pain in their children in the emergency
department. Arch. Pediatr. Adolesc. Med. 2007, 161, 578–582. [CrossRef] [PubMed]
McMurtry, C.M. Pediatric needle procedures: Parent-child interactions, child fear, and evidence-based
treatment. Can. Psychol. 2013, 54, 75–79. [CrossRef]
Constantin, K.; Moline, R.; McMurtry, C.M. The role of non-verbal features of caregiving behaviour. In Social
and Interpersonal Dynamics in Pain: We Don’t Suffer Alone; Prkachin, K., Vervoort, T., Trost, Z., Karos, K., Eds.;
Springer: Berlin, Germany, 2017.
Constantin, K.; McMurtry, C.M.; Bailey, H.N. Parental cardiac response in the context of pediatric acute pain:
Current knowledge and future directions. Pain Manag. 2016, 7, 81–87. [CrossRef] [PubMed]
Porges, S.W. The polyvagal perspective. Biol. Psychol. 2007, 74, 116–143. [CrossRef] [PubMed]
Appelhans, B.M.; Luecken, L.J. Heart rate variability as an index of regulated emotional responding.
Rev. Gen. Psychol. 2006, 10, 229–240. [CrossRef]
Goubert, L.; Craig, K.D.; Vervoort, T.; Morley, S.; Sullivan, M.J.L.; Williams, A.C.; Cano, A.; Crombez, G.
Facing others in pain: The effects of empathy. Pain 2005, 118, 285–288. [CrossRef] [PubMed]

Children 2017, 4, 100

16.

17.
18.
19.
20.
21.
22.
23.
24.
25.

26.
27.

28.

29.

30.
31.
32.
33.
34.
35.
36.

37.

12 of 13

Perlman, S.B.; Camras, L.A.; Pelphrey, K.A. Physiology and functioning: Parents’ vagal tone, emotion
socialization, and children’s emotion knowledge. J. Exp. Child Psychol. 2008, 100, 308–315. [CrossRef]
[PubMed]
Kreibig, S.D. Autonomic nervous system activity in emotion: A review. Biol. Psychol. 2010, 84, 394–421.
[CrossRef] [PubMed]
Porges, S.W.; Doussard-Roosevelt, J.; Maita, A.K. Vagal tone and the physiological regulation of emotion.
Monogr. Soc. Child Dev. 1994, 59, 167–186. [CrossRef]
Thayer, J.F.; Lane, R.D. A model of neurovisceral integration in emotion regulation and dysregulation.
J. Affect. Disord. 2000, 61, 201–216. [CrossRef]
Park, G.; Vasey, M.W.; Van Bavel, J.J.; Thayer, J.F. When tonic cardiac vagal tone predicts changes in phasic
vagal tone: The role of fear and perceptual load. Psychophysiology 2014, 51, 419–426. [CrossRef] [PubMed]
Geisler, F.C.M.; Vennewald, N.; Kubiak, T.; Weber, H. The impact of heart rate variability on subjective
well-being is mediated by emotion regulation. Personal. Individ. Differ. 2010, 49, 723–728. [CrossRef]
Geisler, F.C.M.; Kubiak, T.; Siewert, K.; Weber, H. Cardiac vagal tone is associated with social engagement
and self-regulation. Biol. Psychol. 2013, 93, 279–286. [CrossRef] [PubMed]
Friedman, B.H. An autonomic flexibility-neurovisceral integration model of anxiety and cardiac vagal tone.
Biol. Psychol. 2007, 74, 185–199. [CrossRef] [PubMed]
Koval, P.; Ogrinz, B.; Kuppens, P.; Van den Bergh, O.; Tuerlinckx, F.; Sütterlin, S. Affective instability in daily
life is predicted by resting heart rate variability. PLoS ONE 2013, 8, e81536. [CrossRef] [PubMed]
Vervoort, T.; Trost, Z.; Sütterlin, S.; Caes, L.; Moors, A. Emotion regulatory function of parent attention
to child pain and associated implications for parental pain control behaviour. Pain 2014, 155, 1453–1463.
[CrossRef] [PubMed]
Von Baeyer, C.L.; Piira, T.; Chambers, C.T.; Trapanotto, M.; Zeltzer, L.K. Guidelines for the cold pressor task
as an experimental pain stimulus for use with children. J. Pain 2005, 6, 218–227. [CrossRef] [PubMed]
Birnie, K.A.; Noel, M.; Chambers, C.T.; von Baeyer, C.L.; Fernandez, C.V. The cold pressor task: Is it
an ethically acceptable pain research method in children? J. Pediatr. Psychol. 2010, 36, 1071–1081. [CrossRef]
[PubMed]
Berntson, G.G.; Bigger, J.T.; Eckberg, D.L.; Grossman, P.; Kaufmann, P.G.; Malik, M.; Nagaraja, H.N.;
Porges, S.W.; Saul, J.P.; Stone, P.H.; et al. Heart rate variability: Origins, methods, and interpretive caveats.
Psychophysiology 1997, 34, 623–648. [CrossRef] [PubMed]
Camm, A.J.; Malik, M.; Bigger, J.T.; Breithardt, G.; Cerutti, S.; Cohen, R.J.; Coumel, P.; Fallen, E.L.;
Kennedy, H.L.; Kleiger, R.E.; et al. Heart rate variability: Standards of measurement, physiological
interpretation and clinical use. Task Force of the European Society of Cardiology and the North American
Society of Pacing and Electrophysiology. Circulation 1996, 93, 1043–1065. [CrossRef]
Tarvainen, M.P.; Lipponen, J.; Niskanen, J.; Ranta-aho, P.O. Kubios HRV: User’s Guide. Available online:
http://www.kubios.com/downloads/Kubios_HRV_Users_Guide.pdf (accessed on 12 May 2017).
Tarvainen, M.P.; Niskanen, J.; Lipponen, J.A.; Ranta-aho, P.O.; Karjalainen, P.A. Kubios HRV—Heart rate
variability analysis software. Comput. Methods Progr. Biomed. 2014, 113, 210–220. [CrossRef] [PubMed]
Quintana, D.S.; Heathers, J.A.J. Considerations in the assessment of heart rate variability in biobehavioral
research. Front. Psychol. 2014, 5, 805. [CrossRef] [PubMed]
Paret, L.; Bailey, H.N.; Roche, J.; Bureau, J.; Moran, G. Preschool ambivalent attachment associated with
a lack of vagal withdrawal in response to stress. Attach. Hum. Dev. 2015, 17, 65–82. [CrossRef] [PubMed]
National Geographic. Dazzling Time-Lapse Reveals America’s Great Spaces. Available online: https:
//www.youtube.com/watch?v=9d8wWcJLnFI&feature=youtu.be (accessed on 15 September 2016).
Morris, J.D. SAM: The self-assessment manikin. An efficient cross-cultural measurement of emotional
response. J. Advert. Res. 1995, 35, 63–68.
Allen, J.J.; Chambers, A.S.; Towers, D.N. A Pragmatic Manual for Getting Started with the QRSTool: Reducing
EKG Data and Obtaining Many Metrics with CMetX. Available online: http://jallen.faculty.arizona.edu/
resources_and_downloads (accessed on 22 October 2016).
Peltola, M.A. Role of editing of R-R intervals in the analysis of heart rate variability. Front. Physiol. 2012, 3,
1–10. [CrossRef] [PubMed]

Children 2017, 4, 100

38.

39.

40.
41.
42.

43.
44.

13 of 13

Laborde, S.; Mosley, E.; Thayer, J.F. Heart rate variability and cardiac vagal tone in psychophysiological
research–recommendations for experiment planning, data analysis, and data reporting. Front. Psychol. 2017,
8, 213. [CrossRef] [PubMed]
Goedhart, A.D.; van der Sluis, S.; Houtveen, J.H.; Willemsen, G.; de Geus, E.J. Comparison of time and
frequency domain measures of RSA in ambulatory recordings. Psychophysiology 2007, 44, 203–215. [CrossRef]
[PubMed]
Cohen, J. Statistical power analysis. Curr. Dir. Psychol. Sci. 1992, 1, 98–101. [CrossRef]
Werner, G.G.; Ford, B.Q.; Mauss, I.B.; Schabus, M.; Blechert, J.; Wilhelm, F.H. High cardiac vagal control is
related to better subjective and objective sleep quality. Biol. Psychol. 2015, 106, 79–85. [CrossRef] [PubMed]
Lumma, A.L.; Kok, B.E.; Singer, T. Is mediation always relaxing? Investigating heart rate, heart rate variability,
experienced effort and likeability during training of three types of mediation. Int. J. Psychophysiol. 2015, 97,
38–45. [CrossRef]
Frazier, T.W.; Strauss, M.E.; Steinhauer, S.R. Respiratory sinus arrhythmia as an indicator of emotional
response in young adults. Psychophysiology 2004, 41, 75–83. [CrossRef] [PubMed]
Hadjistavropoulos, T.; Craig, K.D.; Duck, S.; Cano, A.; Goubert, L.; Jackson, P.L.; Mogil, J.S.; Rainville, P.;
Sullivan, M.J.L.; Williams, A.C.; et al. A biopsychosocial formulation of pain communication. Psychol. Bull.
2011, 137, 910. [CrossRef] [PubMed]
© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

